The responsiveness of spinal cord nociceptive neurons to innocuous mechanical stimuli can be increased by the release of excitatory amino acids (EAAs) and peptides attributable to an injury-induced barrage of impulses. This sensitization of spinal dorsal horn neurons can also result from administration of phorbol ester by microdialysis, presumably by direct activation of protein kinase C (PKC). This study was designed to examine the effects of central sensitization of spinothalamic tract (9-r) neurons produced by intradermal injection of capsaicin on the descending inhibition driven from the periaqueductal gray (PAG) and the possible role of PKC in this process in anesthetized monkeys. Sensitization of responses of SlT cells to mechanical stimuli was induced by intradermal injection of capsaicin. PAG inhibition was significantly attenuated when sensitization of responses to mechanical stimuli occurred. However, perfusion of the spinal cord with NPCI 5437 (a selective PKC inhibitor) by microdialysis could prevent the sensitization of the responses to mechanical stimuli and the reduction in PAG inhibition of these responses induced by capsaicin injection. Results similar to those produced by capsaicin injection were observed when a PKC activator, phorbol ester (12-0-tetradecanoylphorbol-l3-acetate), was infused within the dorsal horn by microdialysis.
The responsiveness of spinal cord nociceptive neurons to innocuous mechanical stimuli can be increased by the release of excitatory amino acids (EAAs) and peptides attributable to an injury-induced barrage of impulses. This sensitization of spinal dorsal horn neurons can also result from administration of phorbol ester by microdialysis, presumably by direct activation of protein kinase C (PKC). This study was designed to examine the effects of central sensitization of spinothalamic tract (9-r) neurons produced by intradermal injection of capsaicin on the descending inhibition driven from the periaqueductal gray (PAG) and the possible role of PKC in this process in anesthetized monkeys. Sensitization of responses of SlT cells to mechanical stimuli was induced by intradermal injection of capsaicin. PAG inhibition was significantly attenuated when sensitization of responses to mechanical stimuli occurred. However, perfusion of the spinal cord with NPCI 5437 (a selective PKC inhibitor) by microdialysis could prevent the sensitization of the responses to mechanical stimuli and the reduction in PAG inhibition of these responses induced by capsaicin injection. Results similar to those produced by capsaicin injection were observed when a PKC activator, phorbol ester (12-0-tetradecanoylphorbol-l3-acetate), was infused within the dorsal horn by microdialysis.
An inactive phorbol ester (4~ phorbol 12,13-didecanoate) had no effect. These results provide evidence that the activation of PKC contributes to the development of central sensitization in dorsal horn neurons produced by chemical stimulation with capsaicin. Attenuation of the effectiveness of PAG inhibition takes place when the sensitization of dorsal horn cells develops, and PKC may play a significant role in this process.
Key words: protein kinase C; periaqueductal gray; spinothalamic tract neurons; capsaicin; antinociception; spinal cord; monkey It has been well established that damage to peripheral tissues induces a state of sensory hypersensitivity that includes primary hyperalgesia to noxious heat and mechanical stimuli applied in the damaged region, as well as secondary mechanical hyperalgesia (an increased response to noxious stimuli) and mechanical allodynia (a painful response to innocuous stimuli) in an area surrounding the site of primary hyperalgesia (LaMotte et al., 1982 (LaMotte et al., , 1983 Mersky, 1986; Campbell et al., 1988) . It has been suggested that secondary mechanical hyperalgesia and allodynia are attributable to sensitization of spinal dorsal horn neurons because nociceptors in the area of secondary hyperalgesia and allodynia do not show a lowered threshold (Baumann et al., 1991; LaMotte et al., 1992) . Experimentally, sensitization of primate spinothalamic tract (SIT) neurons can be produced by intradermal injection of capsaicin (Simone et al., 1991; Dougherty et al., 1992b) , which is known to activate selectively primary afferent C-fibers (Baumann et al., 1991) . Activation of these fibers triggers release of excitatory amino acids (EAAs) and peptides (Gamse et al., 1979; which are associated with the sensitization of spinal dorsal horn neurons (Dougherty et al., 1991 (Dougherty et al., , 1993 . Conversely, this central sensitization can neither be induced nor maintained when NMDA or non-NMDA glutamate receptors or neurokinin 1 receptors are blocked (Dougherty et al., 1992b (Dougherty et al., , 1994 .
Protein kinase C (PKC) is believed to be involved in the process of sensitization of dorsal horn neurons (Coderre, 1992; Mao et al., 1992; PaleEek et al., 1994) . One mechanism for activation of PKC is binding of a ligand to G-protein linked membrane receptors, such as metabotropic glutamate and NKl receptors (Watling, 1992; Schoepp and Corm, 1993) . Released EAAs can stimulate metabotropic receptors, resulting in the activation of phospholipase C and the production of diacylglycerol. This process activates PKC (Manzoni et al., 1990) which in turn potentiates the effectiveness of cellular responses to NMDA by increasing the probability of NMDA channel openings and by reducing the voltage-dependent Mg2+ block of the NMDA receptor-channel complex (Chen and Huang, 1992) . On the other hand, activation of PKC inhibits GABA receptors (Leidenheimer et al., 1992) . All of these changes would enhance the sensitivity of dorsal horn neuronal responses to excitatory inputs. It has been reported that activation of PKC also suppresses opioid analgesia in the spinal cord (Zhang et al., 1990) . We hypothesize that activation of PKC in the spinal cord contributes to the process of sensitization of dorsal horn sensory neurons in part by reducing the effectiveness of central descending inhibitory pathways.
In this study, we examined the changes in the descending inhibition of primate SIT neurons produced by stimulation of the periaqueductal gray (PAG) that occur when central sensitization in SIT neurons is induced by intradermal injection of capsaicin and the possible role of PKC in this process.
Preliminary results of this work have been reported in abstract form (Lin et al., 1995) . J. Neurosci., May 1, 1996, 76(9) 
MATERIALS AND METHODS
Young adult monkeys (Mucaca fusciculuti~) of either sex weighing between 1.8 and 2.9 kg were tranquilized by ketamine (10.0 mgikg, i.m.), then anesthetized with a mixture of nitrous oxide, oxygen, and halothane, followed by an intravenous dose of or-chloralose (60.0 mg/kg). Anesthesia was later maintained by intravenous infusion of pentobarbital sodium (5.0 mg/kg/hr).
The level of anesthesia was checked periodically by examining pupillary size and reflexes and by observing vital signs. Once anesthesia was adequate, the animals were paralyzed with gallamine triethiodide (20.0 mg/hr) and artificially ventilated. End-tidal CO2 was kept between 3.5 and 4.5% and core temperature between 37 and 38°C by a servocontrolled heating blanket. Many of the methods used for this study were described in detail in previous papers (Dougherty et al., 1992b; Lin et al., 1994a) , and so they will be only briefly described here.
Placement of microdialysisfibers and drug administrution. A microdialysis fiber was prepared and the dialysis zone positioned in the spinal dorsal horn as described previously (Dougherty et al., 1992b) . Artificial CSF (ACSF) was infused through the dialysis fiber at a rate of 5 klimin for delivery of drugs. The fiber was placed at a site in spinal cord segments L5-L7 and within laminae III-VI.
The drugs delivered by microdialysis were expected to diffuse through at least one spinal segment without significant leak into the blood or CSF . NPC15437 [(2,6-diamino-N-([l-oxotridecyl) -2-piperidinyl]methyl)hex anamide], a highly selective PKC inhibitor (Sullivan et al., 1991 (Sullivan et al., , 1992 ) dissolved in ACSF was administered at a concentration of 10 mM. In some STT cells, a dose-response curve was done with two doses of NPC15437 (1.0 and 10.0 mM). The phorbol esters are potent activators of PKC, although it is possible that they act through other mechanisms as well (Blumberg et al., 1984) . In this study, a phorbol ester, 12-0-tetradecanoylphorbol-13-acetate (TPA), was infused into the spinal dorsal horn by microdialysis.
For control purposes, an inactive phorbol ester isomer, a-TPA (4a-phorbol 12,13-didecanoate), was also used. Both were diluted in ACSF to the concentration of 1.0 mM and administered into the dorsal horn. Final concentrations of these drugs in the spinal dorsal horn are decreased by the efficiency of diffusion across the fiber wall to around 4-10% (Dougherty et al., 1992b; (Sullivan et al., 1992) . Therefore, we believe that the concentration of NPC15437 used in this study may have a selective action on PKC.
Experimental protocol. Procedures for locating the ventral posterior lateral (VPL) nucleus of the thalamus and the PAG were as described previously (Lin et al., 1994a stimuli in our previous work showed that there is very little variation (<4% for BRUSH and <20% for PINCH) among the responses to mechanical stimuli applied to the same receptive field and repeated every 5 min (Owens, 1991; Dougherty et al., 1992a) . A point within the receptive field from which the maximal mechanical response was evoked was chosen for tests of the inhibition induced by PAG stimulation of responses to the three kinds of mechanical stimuli. The PAG was stimulated electrically with trains of 333 Hz, 200 psec square pulses (1 set train duration with 2 set intervals between trains) at an intensity of 100-400 PA (Lin et al., 1994a) , while cutaneous mechanical stimuli were applied to the receptive field. Stimulation sites in the PAG were located as described previously and have been verified histologically to be distributed mostly in the lateral or ventrolateral PAG at the level of the oculomotor or trochlear nuclei (Lin et al., 1994) . Once the control responses were recorded, capsaicin (0.1 ml, 3%) was injected intradermally at a site in the receptive field in the same way as used by Dougherty et al. (1992b 
RESULTS
The activity of a total 39 STT neurons was recorded from the lumbar spinal cord dorsal horn in 14 experiments. The SIT neurons included 37 WDR cells and 2 HT cells. Recordings were obtained from 648 to 2084 Km below the surface of the spinal cord, suggesting that the cell bodies were located in laminae I-VI (Owens, 1991) . The effects of capsaicin and NPC15437 were examined on 25 cells. Thirteen of these were used for doseresponse curves at two concentrations of NPC15437. Fourteen cells were used to examine the effects of phorbol esters.
Effects of PKC inhibitor on the capsaicin-induced sensitization of STT cells Figure 1 shows rate histograms for a representative SIT cell that illustrate the effects of intradermal capsaicin injection before and during intraspinal infusion of NPC1.5437. The top row ( Fig.  M-D) shows the baseline recordings of the background activity and the responses of the cell to BRUSH, PRESS, and PINCH stimuli. The cell responded to the initial injection of capsaicin in a manner typical of most SIT cells (Simone et al., 1991; Dougherty et al., 1992b Dougherty et al., , 1994 . There was a very large initial increase in background activity after injection (Fig. 1E ). This very high firing rate declined slowly and then remained at an elevated level. The responses to BRUSH and PRESS stimuli, when applied 15 min after injection, were markedly increased (cf. Fig. l&C, with Fig.  lF,G) . The PINCH response of this cell did not show an obvious increase (Fig. 1H) . The background activity and responses to mechanical stimuli returned gradually toward the baseline levels over the next 1.5 hr (Fig. l&L) , at which time NPC15437 was infused into the dorsal horn for 1 hr. A decrease in background activity was observed after infusion of NPC15437 (Fig. 1M) . The responses to BRUSH and PRESS were very near their original levels (Fig. lN,O) , whereas the responses to PINCH were slightly less than the control values (Fig. 1P) . A second injection of capsaicin produced a smaller initial increase in cell firing as compared with that induced by the first injection (Fig. 1Q ). There
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Ni oi----p P AFTER CAPSAICIN 2 TIME (s) were no obvious changes in the responses to BRUSH, and the PRESS and PINCH responses decreased slightly (Fig. l&T) . All SIT neurons examined showed changes similar to those demonstrated in Figure 1 . The upper part of each graph in Figure 2 -C summarizes the effects of the PKC inhibitor on changes in the responses of SIT cells (n = 10) to mechanical stimuli evoked by capsaicin injection. The results for the cells tested before infusion of NPC15437 are shown by the left pair of bars (ACSF) in each panel and the results during NPC15437 administration by the right pair of the bars. Open bars show the baseline responses before capsaicin injection and solid bars responses 15 min after capsaicin injection. A significant increase in the responses to BRUSH and PRESS (but not PINCH) was observed after the first injection of capsaicin. However, when cells were treated with NPC1.5437 (10.0 mM), the second capsaicin injection failed to evoke a significant increase in any of the responses to mechanical stimuli. In addition, comparison of the open bars between the left and right pairs shows that NPC15437 had no statistically significant effect on the responses to the mechanical stimuli, although NPC15437 may produce a slight decrease in them in some cells, such as shown in Figure 1 . In previous experiments, we have also shown that two successive injections of capsaicin given several hours apart produce comparable effects on the same cell (Dougherty et al., 1994) . Recently, we further observed that pretreatment before injection of capsaicin with NPC15437 also prevented the development of sensitization of primate SIT cells to BRUSH stimuli without affecting background activity . Therefore, attenuation of the responses of cells to the second capsaicin injection is not attributable to adaptation to the effects of capsaicin and suggests that the PKC inhibitor interferes with the responses of SIT cells to capsaicin by preventing the development of sensitization that is usually observed. Two concentrations of NPC15437 (1.0 mM, n = 6; 10.0 mM, n = 7) were chosen to make the dose-response observations. NPC15437 was infused into the spinal dorsal horn for 30-60 min before the first injection of capsaicin was made. It was shown that NPC15437 prevents the capsaicin-induced sensitization of SlT cells to BRUSH and PRESS stimuli in a dose-related manner (the upperpart of Fig. W) . Similar results were seen in the effects on the blockade of PAG inhibition produced by capsaicin injection (the lower part of Fig. 20, described below) .
To exclude the possibility that NPC15437 may produce an irreversible effect that could result from a nonspecific action on synaptic interactions, the spinal dorsal horn was pretreated with NPC15437 for 30-60 min before the first capsaicin was injected intradermally while we recorded from two additional STT cells. The results from one of these cells shown in Figure  3 are consistent with the observations described above. NPC15437 itself did not have obvious effects on the responses of the cells (Fig. 3E,H) , but it largely prevented the development of sensitization of cell to BRUSH and PRESS stimuli (Fig. 3J,K) . The spinal dorsal horn was then washed out with ACSF for -2 hr at which time the responses were similar to the control responses ( Fig. 3M-P) . Increased responses to BRUSH and PRESS stimuli were observed after the second capsaicin injection was made, indicating that the neurons could now be sensitized (Fig. 3&S) .
Effects of intradermal injection of capsaicin on PAG inhibition
As shown in the top row of Figure 4 , stimulation in the PAG produced a profound inhibition of the responses of an SIT cell to all three mechanical stimuli. This is consistent with our previous Third row, PAG inhibition during NPC15437 infusion. Bottom row, PAG inhibition 15 min after second capsaicin injection while NPC15437 was being infused. Trains of stimuli were applied in the PAG at times indicated by upward-directed square waves below each histogram. Horizontal lines above histograms represent times of application of mechanical stimuli. Bin widths are 100 msec. BRUSH work (Gerhart et al., 1984; Lin et al., 1994a) . The percentage of inhibition of the evoked responses for this cell was -68.4% for inhibition of BRUSH, -83.1% for PRESS, and -78.6% for PINCH, respectively. The tests for the effects of capsaicin on PAG inhibition were performed 15 min after capsaicin injection, and it was observed that the inhibition induced by PAG stimulation was significantly attenuated (second row). The percentage of inhibition decreased to -34.6% for BRUSH, -44.0% for PRESS, and -38.9% for PINCH. One and one-half hours after capsaicin injection, inhibition recovered to near the baseline values (data not shown). Effects of PKC inhibitor on the blockade of PAG inhibition induced by capsaicin In the same cell that was described above, the PAG inhibition was comparable to the baseline level 1.5 hr after the first injection of capsaicin. NPC15437 (10.0 mM) was then infused into the dorsal horn for 40 min. There were no obvious changes in inhibitory responses during drug infusion (the third row of Fig. 4) . However, the second injection of capsaicin, given with NPC15437 present, did not cause a reduction in PAG inhibition of any of the mechanical stimulation-evoked responses, in contrast to the reduction observed after the first intradermal capsaicin injection (compare second row with bottom row). The grouped data (n = 10) show results similar to those obtained from the individual cell. TPA or cr-TPA. Figure 5A shows that there was a significant increase in the background activity and responses to BRUSH and PRESS when TPA was infused into the dorsal horn. However, the grouped responses of the cells to PINCH did not show a statistically significant increase. In seven cells, cr-TPA was administered and no significant changes were observed except for an increase in background activity that occurred 1 hr after the end of cu-TPA infusion (Fig. SB) .
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"i= d E -60 Figure 6 shows the effects of o(-TPA and TPA on PAG inhibition of responses evoked by mechanical stimuli in an STT cell. The baseline tests showed PAG inhibition of -55.7, -61.8, and -76.9% for responses to BRUSH, PRESS, and PINCH, respectively (top row). (Y-TPA was administered into the dorsal horn by microdialysis for 30 min. No obvious changes were found in PAG inhibition during ol-TPA infusion (second row). TPA was then infused for 30 min, and PAG inhibition of all three responses to mechanical stimuli was observed to be greatly attenuated (third row). The percentage of inhibition decreased to -6.6% for BRUSH, -15.9% for PRESS, and -38.2% for PINCH. A partial recovery was seen 1 hr after the end of drug infusion (bottom row). PAG-induced inhibition was tested in nine cells. The responses of BRUSH, PRESS, and PINCH were reduced in seven, eight, and seven of the cells tested, respectively. The grouped effects for TPA were significantly different from the control values (lower part of Fig. 5A ). These results were similar to those resulting from intradermal injection of capsaicin. cu-TPA administration did not produce significant changes in the PAG inhibition (Fig. 5B) . induced by intradermal injection of capsaicin (rightpairs of bars in the lower part of each graph in Fig. 24-C) .
Dose-response curves were made by testing the effects of two concentrations of NPC15437 on the blockade of PAG inhibition of all three mechanical stimulation-evoked responses produced by the first capsaicin injection. The blocking effects were partially prevented when the spinal cord was perfused with 1.0 mM NPC15437 and almost completely prevented when the concentration of NPC15437 reached 10.0 mM (the lower part of Fig. 20) .
Effects of PKC activator on PAG inhibition Observations were made on another group of cells separate from that used for capsaicin and NPC15437. Previous work by our group has shown that a PKC activator, TPA, administered into the spinal dorsal horn by microdialysis in the concentration of 0.1 mM produces a substantial increase both in background activity and in the responses evoked by BRUSH (PaleEek et al., 1994) . In this study, we confirmed the above observations and found that the PRESS responses also increased when the dose of TPA was adjusted to 1.0 mM. Figure 5 , A and B, summarizes the grouped changes in background activity and responses evoked by mechanical stimuli (upper part of each graph) produced by infusion of DISCUSSION Changes in the responsiveness of STT neurons to stimulation in the area of secondary hyperalgesia after skin damage have been examined in experiments in which the sensitization was evoked by intradermal injection of capsaicin. It was shown that capsaicin produces an immediate, short-lasting, and robust discharge followed by a period of increased responsiveness to mechanical stimuli and to iontophoretic application of EAAs (Simone et al., 1991; Dougherty and Willis, 1992; Dougherty et al., 1992b) . Using this experimental approach, we observed that the inhibition of responses to mechanical stimuli produced by stimulation in PAG is partially blocked when sensitization of STT cells evoked by capsaicin develops. Furthermore, spinal infusion of a PKC inhibitor, NPC15437, can prevent the blocking effects of capsaicin on PAG inhibition in a dose-related manner. On the other hand, perfusion of the spinal dorsal horn with TPA, a phorbol ester that activates PKC, causes an increased responsiveness to mechanical stimuli (mainly to innocuous mechanical stimuli) that is similar to that induced by capsaicin. Sensitization of mechanical stimulation-evoked responses was accompanied by a reduction in PAG inhibition. However, a-TPA, an inactive phorbol ester, does not have significant effects on any of the responses to mechanical stimuli or on PAG inhibition. Thus, it appears that mechanical allodynia and mechanical hyperalgesia may reflect in part a reduction in PAG inhibition and that PKC in the spinal cord dorsal horn may be involved in this process.
Several lines of evidence suggest an involvement of spinal cord PKC in the cellular processing of sensory information. High concentrations of PKC have been found in the substantia gelatinosa of the dorsal horn (Worley et al., 1986; Saito et al., 1988) . Administration of an active phorbol ester increases the responses of STT cells to innocuous stimuli (PaleEek et al., 1994) . In behavioral experiments, the thermal hyperalgesia in a model of periph- 
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era1 neuropathy is accompanied by an increase in membranebound PKC in the dorsal horn (Mao et al., 1992) . It has been well documented that EAAs and peptides can act on receptors linked to G-proteins, such as metabotropic glutamate receptors and neurokinin 1 receptors, to cause activation of phospholipase C, production of diacylglycerol, and elevation of PKC activity (Manzoni et al., 1990; Otsuka and Yoshioka, 1993; Schoepp and Corm, 1993) . Additionally, activation of PKC can also be mediated by influx of extracellular Ca*+ (C as a t g na et al., 1982) through channels opened after activation of NMDA and non-NMDA receptors (MacDermott et al., 1986; MacDermott and Dale, 1987; Westenbroek et al., 1990; Lerea et al., 1992) . Intradermal injection of capsaicin leads to an increased release of EAAs and peptides in the dorsal horn by activating C-fiber input (Gamse et al., 1979; Brodin et al., 1987; . Therefore, stimulation of C-fibers presumably turns on the PKC system through an action on G-proteins and EAA channels, thus increasing the excitability of nociceptive dorsal horn neurons (Dougherty et al., 1992b (Dougherty et al., , 1994 .
PKC activation is known to affect spinal neurotransmission of nociceptive signals. For example, NMDA and non-NMDAmediated currents in dorsal horn neurons are enhanced by applying phorbol esters or injecting PKC intracellularly (Gerber et al., 1989; Chen and Huang, 1991,1992) . This positive feedback mechanism could account for long-term changes in neuronal excitability associated with the persistent nociception induced by tissue injury (Coderre, 1992) . In addition, it has been reported that the functional role of GABA receptors is inhibited by activation of PKC. Therefore, disinhibition may play a role in the increased responsiveness of dorsal horn cells to peripheral stimulation (Leidenheimer et al., 1992) .
In the present study, TPA administered into the spinal dorsal horn produced increased responses of SIT cells to mechanical stimuli, presumably by activating PKC. An inactive phorbol ester (ol-TPA) was ineffective. The action of TPA was similar to that of intradermal injection of capsaicin, implying that TPA, which activates PKC directly without involvement of the initial stages used in the normal signal transduction sequence, could cause much more robust and longer-lasting PKC activation in neuronal tissue than under physiological conditions (Kaczmarek, 1987) and this could be one of the mechanisms by which capsaicin produces sensitization of STT cells. On the other hand, a selective PKC inhibitor, NPC15437, prevented the capsaicin-evoked sensitization of responses to mechanical stimuli in a dose-related manner, although NPC15437 itself did not obviously affect the responses to mechanical stimuli or PAG inhibition. These results suggest strongly that PKC activation is involved in the sensitization of sensory responses of SIT cells to peripheral inputs after capsaicin injection. Yashpal et al. (1995) recently showed that noxious thermal stimulation and formalin-induced persistent pain result in an increase in [3H]phorbol 12,13-dibutyrate binding in the spinal cord. Intrathecal application of PKC inhibitors produces significant reductions in nociceptive responses to formalin and in the mechanical hyperalgesia in the hindpaw contralateral to a thermal injury. Thus, it appears that continuous C-fiber input because of tissue damage can potentiate PKC activity via the release of EAAs and neuropeptides and cause secondary mechanical hyperalgesia and allodynia. However, we cannot rule out the possibility that the effects of capsaicin seen in these experiments was in part through mechanisms other than the PKC system. Recent behavioral and physiological studies by our group in rats and monkeys have demonstrated that the allodynia and sensitization of STT cells to BRUSH and PRESS stimuli induced by intradermal injection of capsaicin can be reversed by intraspinal administration of specific inhibitors of PKC, protein kinase A, and protein kinase G, respectively Willis and Sluka, 1995) An important finding from this study was that the descending inhibitory action on peripheral stimulation-evoked responses of SIT cells produced by PAG stimulation is attenuated when these cells are sensitized either by capsaicin or a phorbol ester. As was discussed above, an increased release of EAAs and enhanced activity of EAA receptors within the dorsal horn when PKC is activated would contribute to the hyperexcitability of SIT cells. This presumably could reduce the effectiveness of inhibition of peripheral stimulation-evoked responses of STT cells produced by PAG stimulation. On the other hand, spinal inhibitory amino acid receptors, such as glycine and GABA receptors, have been demonstrated to be involved in inhibitory modulation of the responses of SIT cell to peripheral inputs (Lin et al., 1996) . GABA, and glycine receptors are known to be modulated by phosphorylation by PKC. This process takes place when PKC is activated and catalyzes phosphorylation of certain subunits of the receptors (Kellenberger et al., 1992; Krishek et al., 1994; Vaello et al., 1994) . One of the modulatory effects of PKC-dependent phosphorylation of GABA, and glycine receptors is to desensitize the receptors, thus decreasing currents through the inhibitory channels (Leidenheimer et al., 1992; Ragozzino and Eusebi, 1993; Rapallino et al., 1993; Vaello et al., 1994) . However, there is also evidence for an upregulation of GABA, receptors by PKC-induced phosphorylation (Lin et al., 1994b) . Recently, we have obtained preliminary data showing that inhibition of SIT cells elicited by iontophoretic release of GABA and glycine agonists is reduced either by intradermal injection of capsaicin or intraspinal infusion of TPA (Lin et al., 1995) . Another explanation for reduction in the PAG inhibition is that the inhibition is blocked because of desensitization of GABA and glycine receptors, which have been demonstrated to mediate in part the inhibitory modulation of antinociceptive and analgesic actions at the spinal level after stimulation of PAG or nucleus raphe magnus Lin et al., 1994a) . However, no direct evidence is available in this study to link the functional changes in these receptors with the effectiveness of PAG inhibition. In ongoing work, we are examining the effects of capsaicin on the functional activity of spinal GABA and glycine receptors, as well as on other inhibitory receptors and the possible role of PKC in this process to help elucidate the mechanisms by which central sensitization affects descending inhibition (Lin et al., 1995) . 
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